Introduction
The topics of quality in higher education, of assuring quality in higher education, of study programs in universities and their hierarchization are of great interest and are highly debated in the specialty literature. [1] In the paper Modeling as a Multiple-Criteria Decision-Making Problem and Simulation, for the Hierarchization of Programs of Study [2] the author presented a way of approaching the problem of hierarchization of study programs in universities as a multicriterial decision-making problem. The importance coefficients were chosen randomly, in order to exemplify the applications of the mathematical tools. These coefficients can be chosen by the decision-maker based on the objectives of the organizations they are part of, and according to their managerial experience.
In sections 2 and 3 of the current paper, the author presents a way of using multicriterial optimization methods in order to obtain results regarding the hierarchization of study programs, by choosing the importance coefficients after assessing them through various methods (the eigenvector method, the least squares method, the entropy method).
On the other hand, fuzzy formalism has proven to be efficient in modeling systems in conditions of uncertainty, by replacing or completing probabilistic methods. [3] Fuzzy logic has been applied in many traditional problems, and recently it has also been applied in fields such as information technology, telecommunications, electrotechnics, traffic control, and in quality management. In terms of quality management, fuzzy systems have been applied in the dynamic of global standardization processes. [4] The fuzzy set theory is known by many researchers and managers as a method that can provide modern tools for solving numerous problems that deal with quality management, and it is also a promising technique in the case of processes that contain unreliable data. [5] In section 4 of this paper, the author presents a method of applying fuzzy simple additive weighting in the field of quality management.
Mathematical modeling
Firstly, the mathematical modeling of the hierarchization of study programs involves the use of a matrix, known in the specialty literature as decision matrix or consequence matrix [6] , A, which has the following elements, included in Table 1 : In order to evaluate importance coefficients, the following methods may be used: eigenvector method, the least squares method, the entropy method, the Linear Programming Techniques for Multidimensional Analysis of Preference method, the scores method, the statistical analysis method etc. [7] A more detailed explanation about the first three methods can be found in the following subsections.
The eigenvector method.
The vector for the importance coefficients, = ( 1 , … , ), with ∑ = 1
=1
, contains in each one of its elements the importance given by the decision-maker to each criterion.
The assessment of the coefficients can be made through several methods that take into consideration the relative importance of the criteria, which is established in the following matrix:
By calculating = , we obtain that is the eigenvector of matrix . Thus, by using the eigenvector method, we obtain that is an eigenvector associated to the highest of the eigenvalues of matrix . The specialty literature [8] uses a scale of importance for the relative importance ≡ from matrix , as shown in the following table: 
Least squares method.
The method uses the same matrix from formula (1) . The established condition is that the sum of square distances between the theoretical importance coefficients and the importance coefficients expressed by the relative importance ≡ should be minimum:
In this case, the Lagrange function may be written as:
. By differentiating this function with respect to each importance coefficient k s , and then by equating the derivatives to zero we obtain a system of n + 1 linear equations with n + 1 unknowns:
The solutions to this system are the importance coefficients 1 , … , and the Lagrange multiplier .
The entropy method.
This method uses the consequence matrix A, with elements a ij from Table 1 , and the entropy H as measure of uncertainty of the probability distribution 1 , … , :
where c is a real number.
We calculate the normalized results of criterion C j for each = 1, ����� :
The entropy H j of the set of normalized results for criterion C j is:
= − 1 ∑ =1 . The importance coefficients are:
Application of section 2.
The criteria that we consider to be relevant to study programs are: C 1 = quality level of lectures; C 2 = quality level of laboratory classes; C 3 = student satisfaction level.
The importance coefficients of the criteria are assumed to be: k 1 , k 2 , k 3 , and are determined successively with the three methods of assessing importance coefficients mentioned in subsections 2.1, 2.2, and 2.3.
The study programs (various programs within the same institution, or the same program in different universities) may be: V 1 (P 1 ) = study program 1; V 2 (P 2 ) = study program 2; V 3 (P 3 ) = study program 3.
Elements a ij within the matrices in Table 1 represent, in this case, a product between the level of the values attributed to the C j criterion on a 1 to 5 Likert scale, namely N i (C j ) and the importance coefficients k j . This product can be calculated using the formula: (9) a ij =N i (C j )k j , where i= 1,2,3 and j=1,2,3. This estimation of the values is subjective and dependant on the manager's or program organizers' experience: As a conclusion, from the 4th column it can be inferred that the hierarchization of the study programs (of the variants) is the following: V 1 (P 1 ) program of study = the optimum variant; V 3 (P 3 ) program of study; V 2 (P 2 ) program of study.
Simple additive weighting method
Simple Additive Weighting is one of the most popular methods in MADM problems [9] . Churchman and Ackoff (1945) were the first to use the Simple Additive Weighting method.
Firstly, this method establishes the normalized matrix associated to the decision matrix A = (a ij ). The normalized matrix will be used to calculate and compare the synthesis utilities of the variants.
The normalized matrix is R = (r ij ), where:
, .
The idea of the method is to define the function ([1]):
Function f assigns a value to each variant V i , i = 1,… ,m. The variants can then be classified by using the values assigned to the variants by function f. The optimal variant will be the one for which ( ) is maximum. The method uses the following steps [10] : determining the criteria that will be used as a reference in decision-making, namely C j ; determining k for each variant with respect to each criterion; establishing the decision matrix based on criteria C j ; obtaining the normalized matrix R; obtaining the final results by calculating a weighted sum, where the weights are components of vector w = (w 1 ,… , w 1 ), which are multiplied by elements r ij from the normalized matrix, for each V i variant.
Application.
In order to apply this method for the hierarchization of five variants of study programs with respect to six quality characteristics, we create a file in Microsoft Excel:
Figure 1: Simulation in Microsoft Excel

The fuzzy simple additive weighting method
The fuzzy simple additive weighting method is a generalization. In this case, matrix A of assessing variants with respect to the criteria is a matrix of membership functions ∶ [ , ] → . Thus, Table 1 is generalized as 
...
Another method, the maximin method, chooses as optimal variant the variant , with the following property: (12) = , where max and min are operations with fuzzy sets.
Application of the fuzzy simple additive weighting method.
and the following membership functions: ,
.
Because in formula (13), < < , we obtain that V 2 is the optimum variant.
Conclusions
Multicriterial decision-making methods can be efficiently used in assessing the quality of study programs, noting that, just like other methods from the decision theory, they highlight aspects of problems differently. Therefore, there cannot be comparison or competitiveness between these methods, and choosing one over the other is up to the decision-maker.
Fuzzy formalism grants more certainty in solving problems faced by quality management. The processes and systems based on fuzzy logic have exceptional capabilities in cases of incomplete or imprecise information, thus proving a high applicative potential in the field of quality management. Fuzzy logic may be able to offer the necessary mathematical support for modeling uncertainty that it sometimes specific to the field of quality management. This paper also presents the author's attempt to integrate the fuzzy simple additive weighting method in quality management.
In future research, specialists, practitioners, as well as anyone interested are invited to perfect the quantitative methods of management and their applications in accordance with the fundamental changes in the contemporary world, and in accordance with the evolution of software in the field.
The topics approached in this paper represent a direction of study for the author and will be analyzed and presented in more detail in the monograph "Contributions to the scientific approach of quality and quality management through modeling and simulation" (in Romanian). In the monograph, the author will present a way to refine the methods used in this paper, if instead of importance coefficients of the k j criterion there would be used values of functions defined on intervals by the managers of the organizations. These functions may be of the form k j : � , � → � , �, = ( ), where t represents the time or another parameter. Thus, the function from formula (11) becomes: 
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